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Summary: We previously reported chat tranilast, an antiallergic 
agent reduced intimal thickening after endothelial injury in 
rats. In this study, to verify whether or not antiallergic agents in- 
hibit intimal thickening; we investigated the effect of pemiro- 
ust on intimal thickening after endothelial injury and compared 
its effect with that of tranilast. Administration of two anualler- 

nnn 8Cn £ pcmir °i as .? ^ and "> mgAcg, p.o.) and tranilast 
(300 mg/kg, p.o., daily), was begun 2 days before endothelial 
injury and continued until the animals were killed. Endothelial 
injury m the rat femoral artery was induced by a photochemical 
reaction between localized irradiation by green light and intra- 
venously administered rose bengal. To evaluate intimal hyper- 
plasia, we measured the cross-sectional area of the ultima 21 
days after endothelial damage. Pemirolast at doses of 0 1 1 
and 10 mg/kg reduced the intimal area to 2 10 ± 0 33 1 36 ± 
0.19, and 1.35 ± 0.18 (xO.Ol mm 2 ), respectively, and oranilast 



showed a tendency to reduce the intimaJ area, which was 1.86 
± 0.35 x 0.01 mm 2 , compared with findings for controls (2.83 
.± 0.49 x : 0,0l mm 2 ). In rat A 10 vascular smooth-muscle cells, 
we investigated the effects of antiallergic agents on migration 
by using a modified Boyden chamber assay and on proliferation 
by using the bromodeoxyuri dine- incorporation assay. Two an- 
tiallergic agents inhibited in a concentration-dependent manner 
both migration and proliferation of smooth muscle cells stimu- 
lated by platelet-derived growth factor. These results suggest " 
that antiallergic agents directly inhibit migration of smooth- 
muscle cells to the intima from the media and proliferation in 
the intima, and that pemirolast has more potent antihyperplastic 
action than does tranilast. Antiallergic agents may be effective 
in preventing restenosis after coronary angioplasty. Key 
Words: Pemirolast— Tranilast— Intimal thickening— Endothe- 
lial injury — Migration- Proliferation. 



Percutaneous transluminaJ coronary angioplasty. 
(rT.CA) is a well -established therapeutic option In the 
treatment of patients with arteriosclerotic coronary artery 
disease. However, this method is limited by the occur- 
rence of restenosis within 6 months after successful an- 
gioplasty in -30-40% of patients (1,2). Several experi- 
mental studies strongly support the concept that migration 
of vpcular smooth-muscle cells to the intima from the 
media and proliferation of smooth-muscle cells in the in- 

T* £rV key CVent5 in the restenosis of coronary arteries 
after FTC A (3.4), but the precise mechanisms of resteno- 
sis are not yet fully understood. Although several animal 
studies of antiplatelet (5,6), anticoagulant (7-9), and anti- ' 
hypertensive agents (10-12) have been reported in which 
agents inhibited intimal thickening in the balloon-injury 
model, cHnicaJ studies (13-15) have failed, to identify an 
appreciable reduction in the rate of restenosis after PTCA. 

We previously reported that tranilast, an antiallergic 
agent, suppressed intimal thickening after photocherni- 
cally induced thrombosis in the rat (16). In studies in- 



volving human subjects, it was reported that the rate of 
restenosis after PTCA was reduced markedly in patients 
administered tranilast compared with controls (17,18). 
However, the detailed mechanism(s) inhibiting intimal 
thickening by tranilast has not yet been clarified. It is un- 
clear whether these mechanism(s) are related to antialler- 
gic action(s) (19). Pemirolast, an antiallergic agent, has 
been in clinical use for treatment of patients with asthma 
and allergic rhinitis in Japan. The antiallergic actions of 
pemirolast are more potent than those of tranilast (20,21). 
Therefore to verify whether antiallergic agents inhibit in- 
timal thickening, we investigated the effect of pemirolast 
on intimal thickening after endothelial injury and com- 
pared its effect with that of tranilast. 

MATERIALS AND METHODS 

Treatment 

9-Methyl-3<lH-tetrazol-5^ 
4-one potassium salt (pernirolasr) and M(3,4-dimethoxycin- 
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namoyl) anthranilic acid (tranilast) were suspended in 0.5% 
carboxymethyl cellulose (CMC). Seventy-five male Wistar rats 
weighing 170-210 g were purchased from SLC (Hamamatsu, 
Japan) and were administered pcmirolast and tranilast orally 
once a day at doses of O.lT'1, 30, and 300 rng/kg, respectively. 
Drug administration began 2 days before endothelial injury was 
induced and was continued until the animals were killed. Con- 
trol animals received an equal volume of 0.5% CMC. 

Induction of a neointima 

Intimal thickening in the femoral artery of rats was produced 
by using photochemically induced endothelial injury as de- 
scribed previously (16,22). This model represents a nonme- 
charucal method of producing vessel-wall denudation. In brief 
animals were anesthetized by intraperitoneal injection of 50 
mg/kg sodium pentobarbital, and a cannula was inserted into 
the jugular vein for rose bengal administration. The left femoral 
artery in the rat was carefully exposed, and a pulse-Doppler 
probe (PVD-20; Crystal Biotech, Hopkinton, MA, U.S.A.) was 
attached to it for monitoring blood flow. Transillumination with 
green- light (wavelength, 540 nm) was achieved by using a 
xenon light with both a heat-absorbing filter and a green filter 
(L4887; Hamamatsu Photonics, Harnarnatsu, Japan). Irradia- 
tion was directed via an optic fiber positioned 5 mm away from 
a segment of intact femoral artery proximal to the flow probe 
Irradiation, at a dose of 0.8 W/cm 2 , was initiated when the base- 
line blood flow was stable. Rose bengal (20 mg/kg) was then 
• injected, and irradiation was continued for another 20 min. The 
femoral artery was considered to be occluded when the blood ' 
flow had completely stopped. The time required to occlude the 
artery after administration of rose bengal was considered as the 
occlusion time. Thirty minutes after rose bengal administration, 
the wound was closed. 

Assessment of intimal thickening 

The femoral artery was removed from each rat for 
histopathologic examination 21 days after endothelial injury. 
Vessels were perfusion-fixed in sinj at physiologic pressure 
(80-100 mm Hg) with 1% paraformaldehyde and 2% glu- 
taraldehyde in 0.1 M phosphate-buffered saline at pH 7.4. Then 
the femoral anery was removed and fixed further by overnight 
immersion in the same fixative. The specimens were sectioned . 
transversely and stained with hematoxylin and eosin for light 
microscopy. The cross- sectional areas of the intima and media 
were calculated by using a computerized apparatus (Video Mi- 
cro Meter Model VM-30; Olympus, Tokyo, Japan). 

Cell culture 

Rat A10 vascular smooth-muscle cells (A 10 cells) were ob- 
tained from Dainippon Pharmaceutical Co., Ltd. (Osaka, Japan) . 
and were maintained in Dulbecco's modified Eagle's medium 
containing 10% fetal bovine scrum (FBS), 100 unit/ml peni- 
cillin, 100 \lgiTDl streptomycin, and 100 U-g/ml kanamycin. The 
cells were incubated at 37°C in a humidified atmosphere con- 
taming 5% G0 2 in air. 

Measurement of bromodeoxyuridine incorporation 
into cells 

The effects of pemirolast and tranilast on DNA synthesis 
were determined by measuring 5-bromo- 2' -deox y-uridine 
(BrdU) incorporation. A10 cells (4 x 10 4 cells/well) were plated 
into 96-wcll plates in the medium supplemented with FBS and 
grown to confluence (4 days). They were then made quiescent ■ 
by a 2-day incubation in FBS-starved medium containing 0.1% 
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bovine serum albumin (BSA). The FBS-starved medium con. 
taining 10 ng/ml recombinant human platelet-derived growth 
factor (PDGF)-BB was added to the cells together with pemiro- 
last or tranilast and BrdU (10 \iM). After a 24-h incubation pe- 
riod, the incorporation of BrdU into DNA was measured by us- 
ing an enzyme immunoassay kit (Boehringer Mannheim GmbH 
Biochemica, Mannheim, Germany). 

Measurement of cell migration 

The migration of A10 cells was assayed by the modified 
Boyden chamber method by using a microchemotaxis chamber 
and a polycarbonate membrane filter with pores of 8 urn in di- 
ameter (Nucleopore, Pleasanton, CA, U.S.A.). The drugs were 
placed in the upper and lower chambers, and 10 ng/ml PDGF 
was placed in the lower chamber. A10 cells (10 5 cells/well) in 
FBS-starved medium were loaded into the upper chamber and 
incubated for 4 h at 37°C in a humidified atmosphere contain- 
ing 5% C0 2 in air. The filter was fixed and stained with Diff- 
quik (Green Cross, Osaka, Japan). The number of A10 cejls in 
four fields (0.25 mm 2 ) that migrated to the lower surface of the 
filter was determined by using a microscope. 

Drugs 

Pcmirolast and tranilast were gifts from Tokyo Tanabe Co., 
Ltd. (Tokyo, Japan) and Kissei Pharmaceutical Company (Mat- 
sumoto, Japan), respectively. PDGF was purchased from Fu- 
nakoshi Company (Tokyo, Japan). FBS was from GIBCO 
(Grand Island, NY, U.S.A.). 

Statistical analyses 

Results represented the mean ± SEM values. Statistical 
analysis was performed by analysis of variance (ANOVA) fol- 
lowed by Dunnett's multiple comparison test A p value < 0.05 
is considered to be significant. 



RESULTS 

Effect of pemirolast on intimal thickening 

Twenty-one days after endothelial injury, neointima! 
thickening was observed in the subendothelial layers of 
the drug-untreated animals (Fig. 1 A). Pemirolast at doses 
of 0.1, 1, and 10 mg/kg/day and tranilast at a dose of 300 
rag/kg/day were orally administered 2 days before en- 
dothelial injury, and administration continued until the 
animals were killed. Intimal thickening tended to be re- 
duced in animals receiving pemirolast at a dose of 0.1 
mg/kg and tranilast at a dose of 300 mg/kg compared 
with controls (Fig. IB, E). With pemirolas? (1 and 10 
mg/kg, Fig. 1C, D), intimal thickening was distinctly de- 
creased compared with the control group (Fig. 1A). The 
values obtained from cross- section a] areas of the intima 
in the injured femoral arteries are shown in Fig. 2. The 
intimal areas in the pemirolast -treated groups (0.1, 1, and 
. 1 0 mg/kg) were 2,10 ± 0.33, 1 .36 at 0.19, and 1 .35 ± 0.18 
(x 0.01 mm 2 ), respectively; values for the pemixolast- 
treated groups receiving dosages of 1 and 10 mg/kg were 
significantly (p < 0.01) decreased compared with the 
value for the control group (2.83 ± 0.49 x 0.01 rnm 2 , Fig. 
2A). The ratios of the intimal area to medial area in the 
pernirolast-treatcd groups were 0.43 ± 0.07, 0.27 ± 0.04, 
and 0.26 ± 0.04, respectively; the last two values were 
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5™' V U9h ' ? ,icro 9 ta P hs of representative histologic cross-sec- 
tons from rat femoral artery segments 21 days after ptehem- 

hic e B D C l d i, end .° me ' !al , ' njUry - A: lnjured vessei treated S ve- 
™L JU , red vessels treated with Pemirolast (0.1 , 1 and 10 

•mS Th^n?' 61 ^ f " 1jU 1 red Vesse ' * eated withSranilast (30? 
S T e ,mernal elasnc lamina is indicated by arrows in A-E 
Hematoxyhn-eos.n stain (original magnification x1 00} * 
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FIG. 2. Effects of pernirolasr and 
tranilast on (A) intirnal area, (B) 
medial area, and (C) iniirna/media 
ratio of rat femoral artery 21 days 
after photochemicaHy Induced en- 
dothelial injury. Data are presented 
as mean ± SEM (n = 15). "p < 0.01 
versus values obtained from "vehi- 
cle-treated rats. 



significantly (p < 0.01) lower than that in the control 

gTOUP X™ 1 * Fi S- 2C >- In the tranilast-treated 

group (300 mg/Tcg), the intima] area and the ratios of in - 
timal area to medial area were 1 .86 ± 0.35 (x 0 01 mm 2 ) 
and 0.37 ± 0.07, respectively; these values did not reach 
statistical significance compared with controls (Fig. 2A, 
C). The medial areas of pemirolast- and tranilast-treated 
groups were almost the same as that of the control group 
and these values did not differ significantly from the con-' 
troJ value (Fig. 2B). Neither drug had an effect on the 
medial areas in the arteries on the opposite side (unin- 
jured arteries). 

Pretreatment with pemirolast and tranilast had no ef- 
fect on the occlusion time of the injured femoral artery 
the values being 6.58 ± 0.90 min for the control group 
and 7.08 ± 0.92, 5.79 ± 0.50, and 6.87 ± 0.84 min for the 
pemirolast (0.1, 1, 10 mg/kg) and 5.62 ± 1.03 for trani- 
last (300 mg/kg) groups. . 

Effects of pemirolast and tranilast on A10 cell 
proliferation 

The effects of pemirolast and tranilast on DNA syn- 
thesis were evaluated by measuring BrdU incorporation 
after a 24-b incubation period (Fig.. 3). Pemirolast and 
tranilast produced a concentration -dependent inhibition 
of A 10 cell proliferation stimulated by -PDGF. Pemirolast 
and tranilast inhibited BrdU incorporation at concentra- 
tions of > 3 and 30 \iM % respectively. 

Effects of pemirolast and tranilast on A 10 cell 
migration 

The effects of pemirolast and tranilast on A10 cell rni- 
graoon stimulated by PDGF after a 4-h incubation period 
are shown Ln Fig, 4. Pemirolast and tranilast inhibited 
A10 cell migration stimulated by PDGF in a concentra- 
tion-dependent manner. Pemirolast and tranilast inhibited 
cell migration at concentrations of > 3 and 30-luW re- 
spectively. 



DISCUSSION 

In this study, we used the photochemical-induced 
thrombosis model in the rat femoral artery. This model 



involves an occlusion induced by a photochemical reac- 
tion between green-light irradiation and rose bengal, a 
photosensitizing dye, and can be applied to various ani- 
mals, including mice, rats (16,23-25), and guinea pics 
(22), and various sites including the femoral, artery 
(16,22), middle cerebral artery (23), inner ear microcir- 
culation (24), and coronary artery (25). Photoexcitation 
of rose bengal by green light-generated singlet oxygen 
causes endothelial injury followed by platelet adhesion, 
aggregation, and the formation of a platelet-rich throm- 
bus at the site of the photochemical reaction (26). In this 
model, growth factors (including PDGF and other mito- 
genic factors, epidermal growth factor, and p-transform- ' 
ing growth factor) are released, from adherent platelets 
and injured endothelial cells; these factors may. play a 
key role in neointimal accumulation. 

Pemirolast has a more potent antiallergic action than 
does tranilast in its inhibitory effects on passive cutaneous 
anaphylaxis and histamine release from mast cells or lung 
fragments (20,21). Its main mechanism may be the inhi- 
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FIG. 3. Effects of pemirolast (solid circle) and tranilast (open cir- 
cle) on the incorporation of 5-bromo-2 , -deoxy-uridine (BrdU) into 
A10 cells stimulated by platelet-derived growth factor (PDGF) 

Growth-arrested A10 cells were incubated for 24 h together with 

PDGF (10.ng/ml) and BrdU (10 u.M) in the presence of pemiro- 
last or tranilast. Each value shows the percentage inhibition of 
BrdU incorporation into A10 cells when the control value is 
100%. Data are presented as mean ± SEM (n = 5). "p < o 01 
versus values obtained from only PDGF-stimulated cells 
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FIG. 4. Effects of permrolast (solid circle) and tranilast (open cir- 
M M*! m 'l^' on o' Al ° cells stimulated by platelet-derived 
growth (actor (PDGF). Drugs were placed in the "upper and lower 
chambers, and the lower chamber contained PDGF 10 nS 
-i?h !l SUSp ! nS ' 0n W3S incuoa,ed for 4 " in the upper chamber 
= hfn^ Ue s f h0 1 WS , theNrcenta 9 e inhiwi ° n <* migrated ce«s 
- SEM n - 5)' ~o Ue 'o m° % - ReSU ' ,S ™ preSent ' d as 
PD S G E F M S t muia id cL V ~ V-u « '™ «* 



bmon of the activation of phospholipase C and the de- 
crease in signal-transducing molecule fonnation for mast 
cell degranulauon (27,28). We previously reported that 
tranxlast, at a dose of 300 mg/kg, sigmfidandy Shed 
the fonnation of neobtima by using the same mode! in 
-pontaneously hypertensive rats (SHRs) (16). Therefore 
;.n this study to verify whether or not antiallergic agenu 
inhibit intimal thickening, we investigated the effect of 
pemirolast on inrimaJ thickening after endothelial injury 
and compared results with those of trarulast. We used nor- 
motensive rzts m this study, because to investigate the di- 
rect effect s) of annaUergic agents on intimal k'kening 
Ae possible influence of hypertension should be avoided 
Sufficient mtunal thickening was induced in this study by 
•egulatmg the amount of administered rose bengal and in- 
-nsity of green-Hght irradiation. Intimal thickening in 
h experimental condition was reduced when tranilast 

wTh J^r 1 21 " f SC ° f 300 m ^ in compari ot 
tktf c mgS /° f C9ntr £l S ' but values « d *<* reach sta- 
o. a , K lgI1 f CanCe - ^ 'different results may be ex- 
plained by the more severe injury to the endothelium in 
his study compared with that in the previous experiment 
In fact the value obtained for the intima/media STo in 
h .study was TJ.61 ± 0.11, which was distinctly greater 
than tha of muxna/media in the previous experimenVo.17 
hiSiS'- 1 ^condition. Pemirolast remarkably in- 
e„S v duckeni °8 * a dose of onJy 1 mg/kg after 
ndotheual mjury. Pretreatment with pemkolasft/trani- 
ast had no effect on thrombotic occlusion time of the 
emoral artery b this SCu dy, and it has been reported that 

ZTn^T£ dS ?° n0t Mh Platdet ^^on in 
vjoo (16,29). Therefore pemirolast and tranilast did not 
affect platelet function in this study 

In this study, we demonstrated that in rat A10 vascular 
^mooth-muscle cells, pemirolast and tranilast suppressed 

H m 7f^ 0n o ^ r . pr0liferaCi0n °f smooth-muscle cells 
. emulated by PDGF. and that pemirolast exhibited a more 



Ef'J 1 ^ effec£ than di ° ^ilast: Pemirolast in- 
h bued both proliferation and migration* a concentration 

?J£?' < 15 com P arable to the nwximal plasma con- 
centration of pemirolast when pemirolast was orally ad- 
ministered in rats at a dose of 1 mg/kg (data not shown) 
Vascular smooth-muscle cell migration from the media to 
the mtima and proliferation of smooth-muscle cells in the 
inuma play key roles in intimal thickening. These results 
suggest that antiallergic agents directly inhibit the migra- 
tion of smooth-muscle cells to the intima from the media 
hlito^ ^ proU i cration iD ** Furthe? the t 

£tiS.f C f? ° f Pemir0laSl °" h yP^^ia..as well as 
anuallergic effects, were observed at a lower dose com- 

erTd trTh T 3 !* ^ actions are consid- 

ered to be related to antihyperplasia. Recently it was re- 
ported that permrolast inhibited histamine release from 
mast cells via inhibition of FceRI [receptor immunoglob- 
ulin h. (lgE)]-mediated phospholipase C activation, fol- 
lowed by suppression of the production of inositol 1 4 5- 
tnsphosphate (IP3) and 1 ,2-diacylglycerol (1.2-DG) 'by 

°f . Phosphatidylinositol ^-Diphosphate 
(- /,^a;. IV 3 mobilizes Ca 2 * efflux from intracellular Ca 2+ 
storage site(s), and 1,2-DG activates protein kinase C 
ihese events stimulate degradation in mast cells 
Smooth-muscle -cell proliferation stimulated by PDGF is 
related to activation of intracellular signal transduction 
via PDGF receptorfs), and phospholipase C activation 
also is considered to be essential for cell proliferation 
.simulated by PDGF in these signal-transducing mole- 
cules (30). In fact, it has been reported that two selective 
protein kinase C inhibitors inhibited smooth-muscle cell 
proliferation (31). The intracellular signal-transducine 
molecule(s) for histamine release from mast cells may be 
the same as those for smooth-muscle cell proliferation 
and antiallergic agents may suppress both pathways. Fur- 
ther study is necessary to clarify the detailed mecba- 
msm(s) through which antiallergic agents suppress hyper- 
plasia after endothelial injury. A recent report indicated 
that antiallergic agents reduced the rate of restenosis after 
in humans. Pemirolast (32) at a dose of 20 mg/day 
reduced the restenosis rate after PTCA in comparison with 

of 600 mg/day (14.7 vs. 46.5%). Antiallergic agents have 
a broad spectrum of pharmacologic actions, including the 
inhibition of cytokine and leukotrieoe release from leuko- 
cytes (33,34) and the inhibition of phosphodiesterase (21) 
and phospholipase A2 (27) activities. Thus multiple ac- 
tions of antiallergic agents may be related to the preven- 
tion of restenosis after PTCA in humans. 

Based on our observations, antiallergic agents may 
prove to be valuable agents for the prevention of athero- 
sclerosis and restenosis after PTCA. Pemirolast has more 
potent antihyperplastic action than does tranilast. 
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